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BACKGROUND OF THE INVENTION 
1 . Field of the Invention. 

This invention relates to the field of optical scanning. More specifically, the invention 
comprises a device for projecting a laser beam on an object, indexing the laser beam across the 
object, and measuring the distance to the beam's point of impact on the object. The distance data 
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collected may then be used to create a three-dimensional mathematical surface model of the 
object. 

2. Description of the Related Art. 

Lasers have been used to measure distances for many years. The fact that they can very 
accurately measure such distances makes them ideal for scanning applications, where the laser is 
used to measure a set of distances in order to define the scanned object's shape. An example of 
one such device is disclosed in U.S. Patent No. 5,414,268 to McGee (1995). The McGee device 
uses fifty-six fixed lasers to project points of coherent light on the object to be scanned. Half the 
lasers are positioned on one side of the object and half on the other. Twelve line scan cameras are 
mounted in the same plane as the lasers. These "look" for the points of coherent light on the 
scanned object. FIG. 5 of the McGee disclosure demonstrates the trigonometric principle by 
which a line scan camera can be used in conjunction with a coherent light source to measure 
distance. The '268 device can simultaneously measure the distance to 28 points on each side of 
the scanned object. 

Mechanical means are used to move the object through the plane of the lasers and 
scanners. Thus, when the device is used in conjunction with means for data collection and 
analysis, an approximate surface model of the scanned object can be created. 

While it does accomplish the desired result, the '268 device has several significant 
disadvantages. First, as discussed previously, it employs 56 lasers and 12 cameras. The expense 
of using this many lasers and cameras is considerable. Second, the device can only scan in one 
plane. Thus, mechanical actuation means are needed to move the object up and down through the 
scanning plane. The particular object disclosed in the '268 patent is a log. Log processing, like 



.ngthyscannargprocess. GiventhaUogp— g fa s p t ese„ t , y n,ov e aUhe ra, of 300 ,o 
400 feet per minute, this delay is a significant burden. 

PIG .Uiustratesonesuchdevice. Target object 10 - moving in the direction indicated. Laser ,2 

0 bjectlO„ravei. C^ncaiiens^ispiacedMhepathofcoherentbeamH. ,. spreads 
coherent beam 14 „o coherent ^ 18. Coherent piane IS .tersects target object .0, thereby 

creating projected arc 20. 

no 2 showsthesamedevice6o m adifferent P erspec,ive. The Key to the device's 

^byoffsetangie*. Camera is a vtdeo camera hav mg a faHy wide fieid of v,e W , and 

dimensions (commonly denoted as X and Y). 

HO SshowstheviewlookingattargetobjectlOthroughthelensof cameras. Target 

objectl » m „ves to thed,ec.ion Wl catc, Projected arc 2 0 is seen upon the surface of targe, 
objectl.. Becauseofoffsetangl^cameran.svie.ingprojectcdarc.outoftheplaneof 
coherentplanelS. Thus, the intersection of coherent piane ,8 upon ta,ge, 10 ,s "seen" by 

.rfaceoftargetlO.a.ayfrom.aserU.thehrrthertotheleft.thcfieldofviewofcamera. 
ltwffl appear. Hence, po,. V appears .urther ieft than potat X. This resuUs from the fact , ha, 
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point Y is further from laser 12 than point X. 

tonometry may be — — from.aser.2to any po„ on 

proj ectedarc20. These principles are weU unde^ood in .he prior an. As ,ar g et object, 0 ,s 
moved throu g h coherent piane ,8, canreran w lU view a whoie series of proved arcs 20. These 

Of course, those skuied tn the art wiH reahze that the surface moderated is onlyofthe 
A second laser and camera combination is needed to scan the far side of 
^etobjectlO. Those sUUied rn the art wiii aiso re,i, that it is difficuit to accurate, record 

separated by 120 degrees. 

Computerhardwareandsoftwareis^ 

diction Mcatedby the arrow.FIG.3. Thus, the system can compute the iinear posttton 
a^theien.thoftar.etobjcct.Oforeachsaccessiveproiectedarc^which.sampiedW 

cantera 2, The dtstance from iaser ,2 to each po.t on projected arc 20 can he computed usm g 

, ■ t™ These sets of surface points can then be employed to create a 

straightforward trigonometry. These sets 01 surwc ^ 

mathematical surface model of target object 10. 

Target objectlOh^beenrepresentedasasimplecylinde, However, ,t is important to 



th e shape of the object being seamed. Different shapes will be used for targe, object .0 
throughout this specification. 

Whi!e the prior ar, method disclosed is fimctional, it does have several significant 
Abacus. First.cv.indricanensUmustspreadcoherentbeantMintocoherentplane^. The 

spread across an arc. 

The speed and accuracy of an optica, scanner is stgnificantly dependent on the signal to 
■ norseratroproducedbythescanningtechnicue. Ideally, the ,aser tapact on the targe, object 
shouidbe.uchhrighterthanthean.bien.Ughting. Merference flters are often used on camera 
22ta0 rdertoincrease,hesi g na,,onoisera,io. An inference filter can be made by stacking a 
seriesofdieiectriCayershavingvaryingtadicesofdiffiaCion. The thicknesses seiected for the 

ratio of the device. 

However, the mechanical structure of such inference filters means that ,hey only work 

wavelengthofpeak transmission shrfts loward the blue end of the spec,™. As a resu.,, 

fac, .ha.acamcrawithanarrowfieldofview does no, sample Ugh, which is significantly off , he 



lens assembly). 

R e luraingt o FI G, 2 a nd 3, t he U se rW U 1 o te e r ve 1 ha t ca m e ra22mU s 1 havea f a Hy w i ae 
fi e, d o f v i ew,o r aeHcenco m pa S sa„o f p roj ec,e d a r c20.The„ecess ity o f suc h a Wi de fi e H o f 

^Hav^.hewave^oflaserl^o,— d a™^*.. The s, g na, ,o noise ratio 

wider band-pass filter and the spreading of the iaser energy over a wide area. 

irregular surface, further diffusing the laser light (This is especially true of target objects such as 
logs whrchhaveaveryroughexter.lsuH.ce). The result, that canrera 22 w* often lose 
pro.ectedarc^^thesu—ga^bientUgh, Thus, iigh.-bloc^g shrouds are often 

e„ fe wor tog e„v— nrustoftenben.deverydar, TO s is difficuit and potential* 

dangerous for the persons working on the line. 

,„ addition, the significant angular offset needed between camera 22 and laser 12 

us ed,large production Hues with very heavier, Vibration isasignrfican. concern. 



.nterference filters used. These limitations reduce the signal to noise 
scanners, thereby reducing their speed and accuracy. 



ratio available in such 



BRIEF SUMMARY OF THE INVENTION 

Accord^y.theprinraryobjectofthe present rnventton rs to provide a scanning device 
w*hasubstant,aUy .creased signalto nose ratio. TO s pr.rary o bj ec, wil, he achieved hy: (1) 
pro jecfing the laseronthe targe, object as a s,gle .tensely br,gh, pohn, rather ,ha„ as an arc; 
a„d ( 2>emp,oy tag ascanni„g camera with a narrow field of view so thathighiy selective 

and advantages: 

■ ,. To scan the targe, object as it moves along at line speed; 
-. 2 . TO eUtntnate the need for light-Mocking shrouds around the targe, object itself; 
3. To eliminate the need for a darkened working area; and 
4 To create a scanning device which is less susceptible to vibration. 
The fundamental conceptofthe present invention is that i, sweeps a laser taun and the 
^ofviewofal.escanv.deocameraacrossthes.faceofatargetobject.synchroniza,^ 

posnWthe laser unpac, pom, wi.Hrn.he field of view of , he fine scan camera, tHgonometnc 
pr.cplcscanbeappliedtoca^te the distance from the scanmng devtce to the .pact pom, A 

model of the target object. 
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The illustrations assume tha, the target object will be moved past the scanntng device, 
such as by an assembly line conveyor. By sweeping the scan up and down the surface of the 
target object and monitoring the targe, object's linear progress pas. the scannmg device, the 
iocationofnumerous pomts on the surface of , he target object can be determined. Conventional 
mathematical modeling .echntques can then be used to develop a three-dtonsional surface mode, 
of the targe, object. This surface model can then be used to drive a variety of subsequent 
operations, such as culling, welding, shaping, etc. 

I, is important for the reader to realize that the same techniques can be employed by fixing 
the position of ,he target object and moving the scanning device relative thereto. Thus, the scope 
of the invention should not be limited .0 scanning operations on moving assembly lines. 

BRIEF SUMMARY OF THE SEVERAL VIEWS OF THE DRAWINGS 
FIG. 1 is an isometric view, showing a typical prior art device. 
FIG. 2 is an isometric view, showing the same prior art device from a different angle. 
FIG. 3 is an elevation view, showing the view of .he camera in .he prior art device. 
FIG. 4 is an isometric view, showing one embodiment of the proposed invention. 
FIG. 5A is an isometric view, showmg a n*,re complete view of .he proposed invention. 
FIG. 5B is an elevation view, showing the view of the line scan camera. 
FIG. 5C is an elevation view, showing a target object passing the scanning device. 
FIG. 6 is an isometric view, showing a view of the proposed invention from the rear. 
FIG. 7 is a pta view, illustrating the trigonometric principles of the proposed invention. 
FIG. 8 is an isometnc view, illustrating the preferred embodiment of the proposed 
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invention. 



FIG. 8. 



>n. 

F1G . 9 , 5 — c v^^.- — ^^«**---- 

no .isan.— v.w, ^^^'^^^ 
HO. U .sapianview, — g .he .n g onome,ic princes of me preferred 

embodiment. . T , T „ n 

no nisap^v^ — moreae.aUofhes^deviceshowno^HO.U. 

nG.4isanisome.ri c view, — *e operas of .he preferred e—, 
FI0 ^sap.anview, 

F1G ,6isap,a„view, mus.ra.tas *e o P er,.o„ of .he preferred emhodtaen.. 

the common nwror is deflected fid* downward. 

F1 G. Uisanisome.ncview.iUus.ra.tagsomeof.heprtaciptesofopncs. 

FI G. !9is an isomeric view.— g some of .he princip.es of op.ics. 

REFERENCE NUMERALS IN THE DRAWINGS 

12 laser 



10 target object 

16 cylindrical lens 

14 beam 

20 projected arc 
18 coherent plane zu 

24 offset angle 

22 camera 

28 galvanometer 

26 line scan camera AO & 




30 oscillating shaft 

34 camera mirror 

38 far extreme distance 

42 splitting mirror 

46 receiver mirror 

50 far impact point 

54 first impact point 

58 target vector 

62 sample distance 

66 beam origin point 

70 incident ray 

74 plane of incidence 

78 incident ray projection 
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32 laser mirror 

36 camera field of view 

40 near extreme distance 

44 projector mirror 

48 near impact point 

52 separation distance 

56 second impact point 

60 width of view 

64 third impact point 

68 scanning band 

72 reflected ray 

76 plane of reflection 

80 mirror surface 



DETAILED DESCRIPTION OF THE INVENTION 

n0 4depic,so„ee m bod ta en,o f ,he present — Gaivanonreter 28 has osciiiattng 

unit „ is tvptcaHv biased ,o the nentra, position show. However, ga—r 28 a,so has 
.dcontroUed fashton, as Micated bv the reciprocal arrow, —a, detailso, 
significant, irrespective of what device is used to create it. 
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Laser mirror 32 is fixedly attached to oscillating shaft 30. Laser 12 is positioned above 
laser mirror 32. It directs beam 14 onto laser mirror 32. Beam 14 is then reflected outward as 
shown. Camera mirror 34 is also fixedly attached to oscillating shaft 30. It is separated from 
laser mirror by separation distance 52. 

Line scan camera 26 is positioned above camera mirror 34. The reader will observe that 
line scan camera 26 is tilted relative to laser 12. It points downward onto camera mirror 34, but 
the aforementioned tilt skews its field of view at an angle relative to the direction of beam 14. 
Camera field of view 36 is thereby put on an intersecting course with beam 14. The significance 
of this intersecting course will be explained shortly. 

Although persons skilled in the art will understand the term "line scan camera," a brief 
explanation may be helpful. The sensing element in most video cameras is comprised of an array 
of light sensitive cells, commonly called pixels. A typical video camera would have an array of 
512 pixels by 512 pixels (X and Y), for a total of 262,144 pixels. The data produced by the 
camera is often a voltage level for each of these pixels - which corresponds to the light intensity 
upon that pixel. A line scan camera, in contrast, only has a single line of pixels. A line scan 
camera corresponding to the visual acuity of the 512x512 conventional camera would have only a 
single row of 512 pixels (X only). 

The reader will observe in FIG. 4 that beam 14 is reflected by laser mirror 32. Likewise, 
camera field of view 36 is reflected by camera mirror 34. Although the geometric principles of 
light reflection are well known to those skilled in the art, the following brief explanation may 
prove helpful in further understanding FIGs. 4 and 5. Turning now to FIG. 18, the reader will 
observe that incident ray 70 strikes mirror surface 80. In this example, incident ray 70 is traveling 
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ray7 0 5t *e Smm o r su rf ace 8 «an d is refl ec t e d as refl ec tedray 72. Since plane of tncidence 74 ,s 

The angle of reflection, Or, w,U also be equal to the angle of incidence, 6i. 

The situationisntore complex when hrciden, ra y 70 is traveling a plane which is no, 
perpendicuiar to mirror surface 80. .nFK,,9,he reader wn, observe tha, plane of nrcdence 74 

proj ec,ion78. 1 nciden,ra y 7«and ta cidc„tra y pro J ect i on7 8 ,he„de»nep ta eofre fl ec,ion7, 
9 . Thean g ,eofreflectio„,er, mUS tbee q ua,,o6i. Reflected rav 72 can then be determined. .. 

Returning now to FIG. 4, the reader will observe that can*ra field of view 36 extends 
d ownward fr omnnescancamera26. The edges of cantera field of view 36 dtverge front one 
another a, an angle of 6 degrees (for the particu.ar Hne scan cantera grated, which has a 6 
d egree field ofview). Cantera mirror 34 provtdes nne scan cantera 26 with a view out in the 
a.ectionoftravelofbeantR The reader wi„ observe that even though the path of light entering 

of the edges of camera field ofview 36 continues. 

The fieid ofview of a conventional video camera (X and Y) is often graphic* 
presented asacone. The reader win therefore appreciate that the field of view of a Une scan 
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shown in FIG. 4. 

HG.SAshows an expanded view of the same devtce depicted ,n FIG. 4. The read, wil, 
wl Uc„n lta ueo„ te pa thU n ti U l s*sa t a rg e l o bj ee, Abrighl po to o f ,ase. igtt w fflt hen. 

sunlight), the laser point of impact will be dearly visible. 

Owtn g ,othea f ore m e„tio„ed,iltof, ta esca„ca I nera26,ca m eraf,e,do f v 1 ew36cu t s 

acrossthepathofbeamU. Turning briefly to FIG. 7, the significance of this feature will be 
^ed. HG.VtsaplanviewofthesamedeviceshownhtFlG^andSA. Thereaderwil, 

26 ^gacamerawithamuch wider neidofvrew. However.as explamed previously, the use 
ofanarrowneldofviewisdes.ablebecauseitaUows.heuseofnroreefficient—e 
filters Italso reduces geometric distortion (the "fish-eye" effect) which must be taken mto 

of the embodiment shown. 

RetumtngnowtoFlG.SA, the trigonometric proles of the device will be expiated. 
The device iscapahleofvery accurately measuring distances w-thin, he range of near ta pac, pom, 
48 andfar ta pac, P o„ 5 .. Although these two ta pac, po W s wil, be used as examples, those 
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, f the near surface of ,he targe, objec, is located a, near ampact pent 48, then beam .4 w,,, 
produce a bright potn. ofiaser light a. near impact pont. 48. This potn, corresponds to one 
ex, re meofcameraf,eldofview36. FIG. 5B depicts the actual view of line scan camera 26. As 
coined P rev 1 ous, y ,earnera fi e,dofv,e W 36,auneofp M s ( Xon ly ). The laser top ac, pom, 

acc„m P Us h edh yto gcameram i rror34and,serm iTO r3 2 .othesa m esha ft . Inthiswaythe 

laser and the camera scan the target object together. 

Retummg to FIG. 5A. if the near surface of the target object is located at fcr tapac, point 
50 then beam ,4 will produce a bright point ofiaser light a, far impact point 50. This pout, 
correspondstotheotherextremeofcamerafieidofvie^*. ,n that case, the laser impact point 

positions of the bright point within camera field of view 36 on FIG. 5B. 

FIG 6sh owsaviewfrom t herearof«heseanni„gdevice. This view better Urates how 

bright point will appear in camera field of view 36. 

Those skUled in the art will readily appreciate that by knowmg the position of the bright 
poto. within camera field of v,ew 36 in FIG. 5B, straightforward trigonometry allows the 
computationofthe distance from the scanning device to the taxge, object. These trigonometnc 
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principles will be explained, with the initial reference being made to FIG. 4. 

As an example, the principles will be explored for an impact point lying a. the extreme 
right hand of camera field of view 36, which corresponds to the line denoted as target vector 58. 
„ is important to realize that the same principles apply to any tapac, pour, lying within camera 
field of view 36. 

Knowing the position of the laser tapac, pom, within camera field of view 36 allows the 
computationofthe angle a^ce.he distance between line scan camera 26 and camera m*ror 
34 rs a known (dependtng on the portion of oscillating shaft 30), the angle a, can be used to 

co m pu,a,ionofthean g leofincidenceo„ca m era m i n or34. Since the angle of incdence equals 
the angle of reflection, the angle a 2 can be ca.cula.ed. Thus, the pom. of origm (firs, impact 
pom, 54) and ,he angular headntg for targe, vector 58 - which leads to the tapac. pota on the 
target object - can be determined. 

Contmuing the same example, and turning now ,o FIG. 7, the reader wiU observe that 
beam 14 is directed outward in a direction perpendicular to oscUla.mg shaft 30. This is 
representedta.heviewastheanglee.wh.chisconstanta.mnetydegrees. I.s p,in, of tapac, on 
iaser mirror 32 ,s always directly beneath laser 12. In the view showr, the point of origta for 
beam 14 wu, therefore be directly beneath laser 12. The pota of origin for targe, veCor 58, as 
explained previously, is & s, tapac, point 54. The angu,ar heading of target vector58 is known to 
be the angle a 2 . It is then a matter of simple trigonometry to determine the value for the angle 4>- 
Separation distance 52 between the pom. of origin for beam 14 and firs, tmpact pom, 54 



The distance to that pom. wffl then be near extreme distance 40. 

— rf ~* ,,0,,,,, " 

object. 

32 andc— or34are attached, oscOath, shaft 30, thev os*e , sv— 
Xhus ,a S ern^or 32 andca m era mi rror 3 4ho,ho S cina t ethr„ Ug harc S o f+ , 7 ,ae g ree, The 

nfcor moves -7.5 degrees, the reacted rays must move -15 degrees). 
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Turning now ,o FIG. 5A, the reader wH, observe .ha, ,he oscn>a,,on of osculating shaft 30 
means that beam 14 and the plane of camera Held of view 36 move up and down in 
sy „chron to .,on(asshownbv,herecipro C a tmg arrow). This vertical oscillation means ,ha, .he 
scannmg device actuaUy measures a series of tapac, poto along a vertical line on the near 
surface of the targe, object. Targe, objec, 10 is Really moved into the path of ^am 14, in ,he 

c„„. ta ed. Thus, .he scanning device is "walking" the beam up and down the near surface of the 

distance to each sampled point. 

Tunung,oFIG.5C,,hedigtolcom P u.ercan also be used to monitor the position of 
osc.UatingshaftaO.denotedastheang.ep.In.Msviewtheonginoftheeoordinatesys.emis 
pl acedon.hecen,er,ineofoscilla.mgsha ft 3 0 (oscm, m gsha„30,«he.womi r ro r s,and,he 

pott 64, as weU as the angle p, aUows the computation of sample impact point 64's posi.ion in 

terms of the X and Y coordinates shown in FIG. 5C. 

Another sensor can be employed to accurately monitor the Unear progress of targe, object 
lOasitproceedspastthescanningdevice. Turning back to FIG. 5A, this additional sensory input 
allowsthecomputertodeterrn^ethe.ocat.onofapanicular.mpac.poin.^.heZd.ectio, The 
lo ca,ionofawholeseriesofpoin,sonthe„earsurfaceof,arge,objec,10eanthereforebe 
d eternuned«X,Y,andZco„rdina,e,Mathema,,ealmodeUng,eehni q ues can then be employed 
t0 create adetailed surface modelofthe near surface of,arge, objec, .0 fronuhe sampie potts. 
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remarns fixed and .he seaming device is moved in a controlled fashion. 

Of course,^ as forpriorar, scanners, the embodunen, diseased can only map ,he 

scanning devices would typically be employed .o map .he .arge. objec. on aU side, 

The primary neve, fea.ureof.he presen.inven.ionis.be synchronized mo.ion of beam 14 
.dcamerafieidofviewa. This feature means that beam 14 does not need to be spread 

reduced. ThesynchronrzedscarunngaisoaUowstbe use of a Une scan camera with a reiativeiy 
unwan.edambien.Ugh.. The result is that the embodiment shown in FIG. 5A can achieve a 
prone to errors induced by ambient light. 

The target object must be scanned and mapped while it is moving at line speed. As soon 

accurate model to be created in less time. 

Returning briefly to FIG. 4, those skilled in the art will realize that separation distance 52 
iscn ,ca,.o ,he aecuracyof.be device. ,ncreas, g the value for separa.io„ d,ance , leases 
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energy. 



^^^^^^^^^ 



30. 



Preferred Embodiment 

HO Sdepic.saseconde^en.w.chso.ves.hisconcen,. Because of th is 

to e dta PK,4. „o W eve r ,o* tagSh a ft 30 te .ens lg «s— . A.* 
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camera 26 is no longer tilted relative to laser 12. 

T1 ,e di s,a„ce between lasernana line scan camera 26, this case ,s .sufficient too^ 

ou ,toward the targe, object by projector minor 44. Lto wise. camera field of v,ew 36 is 
refle c,edo„, toward the targe, object by receiver mirror 46. The particular Une scan camera 26 
hasa6degreefie.dofview.the same field of view as the line scan camera disclosed ta FIGs. 4-7. 

F K,9showsalarger view of the same apparatus. Beam 14 is projected across the planar 
camerafie,dofview36. J us.as m FIG.5A,,hera„geinwh 1 chdistancesma y l K measured,s 

denoted bv near tapac, potn, 48 and far tatpactpomt 50. The operation of the device is very 
simiI a, to the firs, embodtmen. disclosed ta F,G, 4 through 7. OsctUattag shaft 30 moves 

sample many poin,s along the near surface of the targe, object. 

F.0 .OshowsarearviewofthepreferredemVK.diment. The reader wu, ^ this view 
readlly observe how beam ,4 cu.s across , he planar camera field of view 36. Ag a,, ,his vtew 
to ,er illustrates how the position of the mtpact pot*, uponthe target o bj ect appears with* the 

point 50 appears farther to the left than near impact point 48. 

Ju stltke m ,he version described in F ,Gs. 4 through 7, c« the distance to the 
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^cpo^unthepreferrede—entiss^amaueroftngono^. However, as more 

complex. Turn* back .o FIG. 8, another example wi„ be employed ,o step through the 
computatton process. Assume ,ha, the bright impact point of the ,aser on the target object 
appears at the extreme right hand of camera field of view 36. This will correspond to the extreme 
, ate ,edastargetvec,or 58 intheview. The reader wiU observe that target vector 58 has four 

mtoor 46; and (4) the portion from receiver mirror 46 out to the targe, object. In order to 
must be employed. 

The angle a, is known from the position of the bright observed hy line scan camera 

positionofoscillathgshaftJO, F.st impact point 54 may therefore be calculated. Thispoint 
becomesthepomtoforiginforthesecondlegoftargetvector^. Smce the angle of incidence 

also be calculated. This is denoted as the angle a 2 . 

allofthe trigonometry calcuUtions can b, performed ^ the plane of the ptan view (reding that 
when oscillate shaft 30 moves off the neutra, position, both beam .4 and camera fieldofvtew 
36 are projected ou, of the plane of. he plan view). Such a plan view is shown in FIG. 11. A 



close-up of the device is shown in FIG. 12. 

Splhttag -o- 42 and recewer mirror 46 are fixed in position with respect to each other 
and with resect to common mtrror 38 (for a given position of oscilla.tag shaft 30). Kno W1 ng firs, 
ta pac, pour, 54 and the an g ,e a 2 therefore allows the calculation of second impact pom, 56. This 
th enbeco m es,hep„in,ofor, g inforthe,hirdport,onof,ar g e,vector58. Again us** .he optica, 
,aw ,ha, the angle ofrncidence equals the angle of reflection allows the computa.ton of ,he angle 
a 3 . This, rn turn, allows the determtna.ion of third impac, point 64. Applytag the same opto, 
law allows the computation of the angle a t . 

Thus, the point of origin and angular headtag for the final portion of targe, vector 58 can 
be determined. This information is then used ,o find the ta.ersec.ion pom, of this portion with the 
pa.hofbeaml4. Turnin g back to FIG. 11, this intersection point will be near impact point 48. 
The distance from the scanning device to this impac, point will correspond to near extreme 
distanced. Agatn. „ rs important to reato thatthe same process can be used to solve for the 
distance of a point lying anywhere within camera field of view 36. 

The angular computations illustrated in FIG. 12 are relatively simple, because beam 14 and 
camera field of view 36 both lie witMn the plan view when oscillating shaft 30 is in the neutral 
position. Of course, as explatned previously, osculating shaft 30 continuously moves through an 
m of*. 7.5 degrees. This osciUattag is required to "walk" the range finding function up and 
down the stde of the targe, object. The oscillation is graphically depicted by the arrows in FIG. 9. 
Jus, Uke b, .he example illus.ra.ed in FIG. 5C, .he fac, .ha, beam .4 and camera field of view 36 
••walk" up and do™ the side of the target object allows the scanning device to measure the 
d„ancetoawho,cseriesofrmpactpo ta ,swi,hin.ha,ver,ica.plane. Like in FIG. 5 A, the tar g et 
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another layer of comply to the trigonometric ca.cubt.on, 

th a lb ea m ^ d c am era fi c 1 ao f .ew3 6 arepro J ec,e d — . *,e this fact does ma.e the 

^ ta ^^-*^'--' ta, * O * e, * r,,V,,0,ltaOf,ta 

galvanometer. 

,„„ FIG 13 shows a simplified representation of 
: complete understanding of the devtce's operatton. FIG. 

thescanntog d e.eep roj ee, tagto mHonto,henear S u rf aceoftar g eto bj ect 1 0 ( Oncea g a ta , 

H a ndcamera fi e,do f vie W 3 6b e tag pro j ecteds,ra, g h,ou,to W ardtheta rg et, 

rA The oroiection will in fact continue traveling downward until 
object 10 will travel downward. The projection 

eommonmrrror 38 reaches its n— ne g ative deflection (-7.5 de.rees). 

F1G 14shoW scommon r nirror38a„hepo ta tofmax ta umne g at,vede fl ec,ion. The 
^^notethatheamH-theplaneofcamerafleidofvi^havemovedasfardownon 



Thos e sk «, lh ea rtWalre a fc e ltat .Heven i ca 1 — of sweep ,ea S, are not 
vert „ ^s.eepareaS^a^^s.p, «s resets from the fact 

*mr 38 than it is for the neutral position. The explanatron for 
7 5 degree positions of common minor 3» than 

• ^oieThedistaneefromthescanmngdevicetothetargetobjectisshonest 
this phenomenon is simple. 1 ne aisui* 

• • ^bothb.aml4andcameraneldofview36strikethetargetob je ct 
in the neutral position, since both beam i* <u 

, • • u ftg 15 shows common mirror 38 in the 
FIGs 15 and 16 forther illustrate this principle. FIG. 15 show 
n— tio, Xhereaderwi.io^ethat.amHande^Mdof^^.upon 
; ^o.eet.O.Widthof.ew^.ca.esthe.idthofcamera.idofview.atthepo.t 

^^^^^^^^ 

3 653 inches. . . 

• « in the 7 5 degree position. Target object 10 remains in 
FIG 16 shows common mirror 38 in the -oaegrc v 

^^^^^^^"^ 



• jpvirp The computations 

system _ea teexpressedm ^o f aa iSt a n cea nd a n a ngUl a I 

„ is possible to wnte a senesot g h „ 30 - (2Hhe position of 

, ■ , lK of (l)thepositionofoscillatm g shaft30,(2)tl,ep 

.He.argetob.ectasitpro.ressespastthescann 

^sate^ttoat— of tbe pb y s,cs of tbe oe 
Instead, the range findbg function of the 



i i The DOS ition of the impact point within 

, „n the X axis and the other value on 
■ i v v nlot with one value on the A axis emu 
values can then be projected as an X-Y plot, w 

pointwto.hefieldofviewofthelinescancan.er, 

o— 30. Ap o,^a 1 can.henhec r e,ea fa eacha ngUta posh.on. These 

po^onfiahare.hens.oredinadigi.alcon.pu.er. 
: x.se.ofpoVnonnaiscanheused.oco.pu.ead.s.ance.o.hennpac.po.fo.a, 

position ofthe impact pom. wnta. the field o. hV . h works for 

uu ,„ create a single curve-fining polynonual winch works 
oscillating shaft 30. It is even posstble to create smg 

u ■ ,<,„fthe 0 osition of oscillating shaft 30 

I.— — —■—•7 -;i 
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u w t The invention has further advantages in that 
3 with respect to prior art devices; 



1. 



Greatly increases the signal to noise ratio 

2 . sean.thetargetobjectasHrnovesalongatlinespeed; 

3 . eliminatestheneedforltght-blockmgshrouds; 
need for a darkened working area; and 



4 eliminates the r 

5 is .ess suable ,o vibration induced em,, 

• Thus the scope of the invention should be fixed by 
embodiment of the invention. Thus, the scop 

claims, rather than by the examples given. 



